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schemes to produce diatomic molecules in highly excited rotational states have been proposed depends only on its initial rovibrational state and whether a nearby QRVR transition is energetically allowed. This all-or-nothing behavior produces sharp structures in the rotational distribution of total quenching rate coefficients 7 4,5 " 2 8
. It is natural to consider whether other diatomic systems would exhibit a similar kind of quenching behavior during a cold $ or ultracold collision. Some preliminary studies were performed 9 for rotationally excited oxygen molecules @ 8 A B .I t was found that all states with rotational level j C less D than 40 would be rapidly quenched in collision with a buffer gas helium atom due to pure rotational deexcitation. However, this is not a fair comparison of the near-dissociation collisional E dynamics, which is where one might expect similar interesting % behavior to occur. While the hydrogen molecule is fully dissociated by j C = 40, the oxygen molecule must be excited F to j C = 120 or so before comparable QRVR transitions are accessible and to j C H G would likely extend to other buffer gas atoms or molecules.
F
In the following section, we review the CC formulation that will allow us to determine the accuracy of the CS and EP approximations in the ultracold temperature limit.
II. COUPLED-CHANNEL FORMULATION
The atom-diatom Hamiltonian in the center-of-mass frame is given by
where r g is % the distance between the oxygen atoms, R m is % the distance I between the helium atom and the center of mass of the diatom, t is the angle between r and R, m is the reduced mass of the diatom, and u is the reduced mass of the helium atom with respect to the diatom. The three-dimensional potential energy surface is separated into a diatomic potential v f w rx and an interaction potential V Iy r , 
that the CS formulation requires t a set of calculations for each value of ü . The EP formulation is independent of ý with potential matrix elements 6
given by
In Y the CS and EP formulations, the orbital angular momentum of the atom is decoupled from the orbital angular momentum of the diatom and is assumed to be a conserved quantity. 
The á set of coupled equations 
where T is the temperature and k 
S
the ratio of the elastic rate coefficient to the total quenching T rate coefficient must be very large in order for a collisional S cooling scheme U e .g., buffer gas cooling, evaporative coolingV to be effective. Otherwise, the energy released in the deexcitation process will lead to unwanted heating Q of the gas and limit further cooling efforts. . In all of our calculations, the anisotropy of the potential ener gy surface was well described using The qualitative agreement between the three scattering formulations is encouraging, and we conclude that the decouplinḡ approximations provide a means to obtain reliable estimates for states with large internal angular momentum.
IV. RESULTS
Figures
It is found that all possible states of rotationally hot oxygen Ô are quenched very rapidly during a collision with a buf f fer gas helium atom, and the quenching efficiency is always dominated by pure rotational transitions. This finding is in contrast to rotationally hot hydrogen molecules, which has very Cross sections for elastic scattering as a function of translational energy. The molecule is in the¨= 0 level and the calculations were performed using the EP approximation. The zeroenergy elastic cross sections are extremely small for highly rotationally excited states.
